Remarks 



This Preliminary Amendment cancels, without prejudice, claims 1-10 in the 
underlying PCT Application No. PCT/DE2004/001479 and adds new claims 11-20. 
The new claims, inter alia , conform the claims to United States Patent and 
Trademark Office rules and do not add any new matter to the application. 

In accordance with 37 C.F.R. § 1.125(b), the Substitute Specification 
(including Abstract) contains no new matter. The amendments reflected in the 
Substitute Specification (including Abstract) are to conform the Specification and 
Abstract to United States Patent and Trademark Office rules or to correct 
informalities. As required by 37 C.F.R. §§ 1.121(b)(3)(ii) and 1.125(c), a Marked- 
Up Version of the Substitute Specification comparing the Specification of record 
and the Substitute Specification also accompanies this Preliminary Amendment. 
Approval and entry of the Substitute Specification (including Abstract) are 
respectfully requested. 

The underlying PCT Application No. PCT/DE2004/001479 includes an 
International Search Report, dated October 6, 2004, a copy of which is included. 
The Search Report includes a list of documents that were considered by the 
Examiner in the underlying PCT application. 

Applicants assert that the subject matter of the present application is new, 
non-obvious, and useful. Prompt consideration and allowance of the application 
are respectfully requested. 
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IMPACT SENSOR AND METHOD FOR TESTING AN IMPACT SENSOR 
Background of th e I nv e nt i on lnformation 

Th e pr e s e nt i nv e nt i on i s bas e d on an i mpact sensor, or a mothod for test i ng an 
impact s e nsor a ccord i ng to the d e fin i tion of th e speci e s i n tho i nd e p e nd e nt 
eteim sGerman Patent Application No .Pfem DE 100 07 422 A4 rdescribes a method 
5 for monitoring an acceleration sensor for a vehicle occupant protection system-is 
known in which the sensor device is supplied with a test signal and the test output 
signal is compared with a target test output signal. In addition, the dynamic 
characteristic of the test output signal is examined. 

10 Advantag e s of th e Summary Of The Invention 

I n contrast, th e The impact sensor according to the present invention, e rand the 
method according to the present invention for testing an impact senso r, hav i ng th e 
feat u res o f th o i ndependent patent cla i ms , have the advantage that here the filter, 
preferably a low-pass filter, which is used to filter the sensor signal is separately 

15 supplied with a test signal and a filter correction is then carried out as a function of 
the response signal to the test signal. Any error that is present is also corrected 
immediately. In particular in filters preferably manufactured in hardware, a deviation 
of 

±± 10% can occur due to manufacturing tolerances. These deviations, which must 
20 be given special attention in safety-critical systems such as a restraint system, can 
be corrected by the method according to the present invention or by the impact 
sensor according to the present invention. In particular, with the method or impact 
sensor according to the present invention it is now possible to use more economical 
components, having greater tolerances, in the construction of the filter. If deviations 
25 of up to 10% can occur, the effect is still more dramatic, in particular in the derivative 
(derivation) of the signal. It is therefore urgently n e cessarv important to compensate 
such effects, in particular when such derivatives of the sensor signal are used, for 
example in the air bag triggering algorithm. According to the present invention, this is 
accomplished electronically. 

30 
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Through th e m ea sures and dev e lopments stated i n tho depend e nt c l aims, 
advantageous i mprov e m e nts of the i mpact s e nsor i ndicat e d i n th e i nd e p e ndent 
pat e nt c l a i m, or of the m e thod i ndicat e d i n th e i nd e p e nd e nt pat e nt c l a i m for testing 
a n impact se nsor, ar e poss i b l e. 

5 

It is especially advantageous that the filter correction is achieved using a software 
filter that is connected directly subsequent to the filter. Alternatively, it is possible to 
realize the correction through a parametrization of a triggering algorithm for restraint 
means. For example, the threshold can then be correspondingly increased, or the 
10 level of the signal inputted to the algorithm can be increased or decreased. 

In addition, it is advantageous that the software filter is realized directly by the 
impact sensor. In particular in remotely situated sensors, which can be situated for 
example in the B-pillar or in a side part or on the radiator of the vehicle, this software 

1 5 filter can there already be realized by the sensor electronics themselves, for 

example by a control logic system or a switch mechanism. However, if the impact 
sensors are situated in the control device for restraint means, then it is 
advantageously indicated to realize the software filter through the processor in the 
control device itself. This possibility is of course also possible for the remote 

20 sensors. 

Advantageously, the filter correction is carried out after each reset of the impact 
sensor. This enables a continuous monitoring and checking, as well as correction, of 
the impact sensor. 

25 

In addition, it is advantageous that the deviations of the filter are monitored over a 
longer period of time, in order to recognize trends, and in order to identify deviations 
that are far enough away from the target value that an exchange of the impact 
sensor, or of the filter, or of the control device, is indicated. For this purpose, a signal 
30 is produced, for example the illumination of a warning lamp or a message to a 
remote maintenance station. 
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Advantageously, as a test signal a step (jump) function can be used, which is 
particularly easy to produce and which supplies a large quantity of information in the 
response signal concerning the behavior of the filter. 

Draw i ng 

5 Ex e mp l ary o mbod i ments of the present invent i on ar e shown i n th e drawing, and ar e 
e xp l a i ned i n mor e d e ta il i n the fo ll owing d e scr i ption. 

F i gur e 1 shows a f i rst b l ock diagram, 

10 Figur e 2 shows a second block d i agram, 

Brief Description Of The Drawings 
Figure 1 shows a first block diagram. 

F i gur e 3 shows a f i rst flow d i agram, 

15 Figure 2 shows a second block diagram. 

Figure A 

Figure 3 shows a second first flow diagram?-. 
Figure 4 shows a second flow diagram. 

20 

Figur e 5 shows a th i rd block di a gram, 

Figure 5 shows a third block diagram. 

F i gur e 6 shows a f i rst s i gna l curve, 

25 Figure 6 shows a first signal curve. 

F i gur e 7 shows a s e cond signa l curve, and 

Figure 7 shows a second signal curve. 

30 F i gur e 8 shows a th i rd s i gnal curv e . 

Figure 8 shows a third signal curve. 

Detailed Description 

In central or also in peripheral crash or impact sensors, low-pass filters are 
35 standardly used to filter the signal from the impact sensor. This is necessary 
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because the impact sensors supply signals having a particular frequency spectrum. 
For the crash discrimination, only a part thereof is really relevant, while higher- 
frequency portions in particular tend to have a disturbing effect. In the case of 
resonances, it is even necessary to eliminate these signals from the spectrum, 
5 because otherwise these signals can produce serious measurement errors. 
However, in addition to a low-pass filter a bandpass filter is also possible. 

These low-pass filters are realized directly as hardware, because otherwise an 
excessively high sampling rate would be required to avoid aliasing effects. The 

10 realization with discrete components, in particular semiconductors, typically requires 
a filter tolerance in the range of 10% to the cutoff frequency, because the individual 
components have a certain tolerance. Deviations of 10% to the cutoff frequency of 
typical low-pass filters result in deviations in the signal itself. However, the deviations 
are even more dramatic in their derivatives. The higher the order of the derivative, 

1 5 the greater is the effect, which significantly limits the robustness of the system. 

According to the present invention, it is therefore proposed provided to determine the 
current filter characteristic using a test signal in a self-test. The deviation can then be 
determined through comparison with the target filter characteristic. Subsequently, 
20 the filter characteristic can be corrected through a further process, for example a 

software filter. This correction using a software filter can be carried out either directly 
by the impact sensor itself, which is then a self-correcting sensor, or else it can also 
be carried out by the control device. 

25 The following examples illustrate the proposa l principles according to the present 
invention. 

As a test signal, a step function is used. The step function and the associated ideally 
filtered step response are stored in the impact sensor or in the control device. In an 
30 initialization phase, the step function is filtered using the filter and is compared with 
the ideal target step response. The required correction is determined and is stored in 
the impact sensor or in the control device. During the normal operation of the impact 
sensor, the software filter produced in this way for the correction then additionally 
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filters the signal from the sensors filtered by the filter. As a variant, the filter 
correction can be newly determined each time in the initialization phase after a reset, 
and can always be stored in a memory. For each newly determined correction, a 
comparison with the old one can take place, so that the impact sensor can 
5 independently recognize changes, for example due to aging and environmental 
influences. From the absolute deviation from the target characteristic, it can be 
checked whether the values are still within the specified tolerance limits or not. If this 
is not the case, a warning lamp can then for example indicate that the restraint 
system's sensor system is to be tested the next time the car is serviced. 
10 Alternatively, it is possible merely to set a service flag that the customer himself 
does not see; when read at the service station, this flaw is recognized and the 
correspondingly aged impact sensor can be exchanged. A further alternative is that 
a signal is sent to a remote maintenance station, for example via a radio connection, 
in order to indicate this flaw. 

15 

As a test signal, a simpler signal can also be used, for example a signal that is zero 
everywhere, the first data value being one. This is, so to speak, a delta function 
normed to one, having all possible discrete frequencies in the spectrum with 
amplitude one. Signal example: 1024 values, first value = 1 , 2 nd - 1024 th value = 0. If 

20 a discrete FFT is now carried out, it is seen that the spectrum is made up entirely of 
ones. If this ideally selected peak function is filtered and a Fourier transformation is 
carried out, the transfer function of the filter can be seen directly, if the absolute 
magnitude is formed. Two Fourier spectra of two different low-pass filters can be 
seen in Figure 8. This signal has the advantage that the associated spectrum has all 

25 possible discrete frequencies having the same amplitude one. This test signal can 
now be filtered, and, using criteria such as FWHM (Full Width at Half Maximum), a 
10-90 criterion, or the like, the deviation of the filter characteristic can be 
determined, and the necessary corrections can be derived therefrom. 

30 If more computing power is available, it is possible, using the test signal, to also 
examine the frequency spectrum, for example with the aid of a simple discrete 
Fourier transformation. This has the advantage that the deviation of the cutoff 
frequencies can be read off directly. 
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Alternatively, it is possible to do without a complete transformation, for example by 
realizing the following simplified process: 

5 The transform of the filtered test signal is calculated only for a particular frequency, 
by convolution for example with a sine or cosine function. This takes place in the 
time continuum, i.e., the integrals are discretely calculated; thus, essentially only 
additions are to be carried out, resulting in a fast computing speed. Using the 
deviation obtained at only one frequency, the required correction can easily be 
10 determined, for example using a lookup table. The convolution can be further 
simplified if, instead of the sine or cosine functions, what are known as Walsh 
functions can be used. This reduces the computing expense to a small number of 
additions and subtractions. 

15 Alternatively, it is possible to modify the set of application parameters. In this case, 
the sensor signals are not corrected via a dedicated software filter; rather, the 
deviation is determined, but is used to adapt the parameters of the thresholds in the 
algorithm to the deviant sensor data. The signal itself tested in the algorithm can 
also be correspondingly modified. Furthermore, it is proposed provided to deactivate 

20 the sensor element of the impact sensor, or at least to block the signal output of the 
sensor element, for as long as the transmission characteristic and the deviation from 
the target state are being determined during the initialization using test signals. In 
this way, it is ensured that in the determination of the correction no falsifications 
result, which could for example arise through superposition with a measured signal. 

25 

Figure 1 shows the impact sensor according to the present invention in a first block 
diagram. A sensor element 1 , here the capacitive measurement device of an 
acceleration sensor that is manufactured micromechanically, is connected to a 
measurement amplifier 2. Measurement amplifier 2 is connected to a switch 3, which 
30 in turn is connected to a low-pass filter 5. Low-pass filter 5 is in turn connected to a 
module 6 into which an analog-digital converter is integrated, as well as an additional 
- digital control logic system. Module 6 is then connected via an output to a control 
device, and, via a data input/output, to an additional logical module 7. Module 7 is 
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connected via a first data output to a logical module 4 that is connected to switch 3. 
Via a second data output, module 7 is connected to a warning lamp 8. 

In order to test filter 5, module 7 drives module 4 to actuate switch 3 in such a way 
5 that signals from amplifier 2 are no longer sent to filter 5; rather, signals from module 
4 are now sent to filter 5. These signals from module 4 are test signals, for example 
a step function, for testing low-pass filter 5. Module 6 is also informed by module 7 
that the test phase for filter 5 is now being executed, so that the signal, i.e. the 
response signal of filter 5 to the test signal, is transmitted in digitized form from 

10 module 6 to module 7, in order to carry out a comparison there of the response 
signal with a target response signal. The deviation determined by module 7 in this 
comparison results in a software filter that is intended to correct this deviation. This 
software filter is integrated in module 6. In addition, module 7 checks this deviation 
in order to find out whether this absolute deviation is large enough to indicate an 

15 exchange of the impact sensor. In this case, module 7 actuates warning lamp 8. 
Elements 1 to 7 can all be situated in a housing, for example in a peripheral 
acceleration sensor. Warning lamp 8 is standardly situated in the dashboard of the 
vehicle. Instead of a software filter, the correction can also be transmitted to the 
control device via module 6, so that the control device either implements the 

20 software filter itself or parametrizes its algorithm for triggering restraint means in 
such a way that this correction is taken into account in the algorithm. This can for 
example take place through a modification of the thresholds or through an increase 
or decrease of the signal level. 

25 Figure 2 shows a second block diagram of the impact sensor according to the 
present invention. This time, the correction is carried out by the control device. A 
sensor element 20, situated for example in the central air bag control device, 
supplies its signal to an amplifier 21 . Amplifier 21 is connected to a switch 22 that is 
connected to low-pass filter 23. Low-pass filter 23 is connected to a logical module 

30 24, here the microcontroller in the control device. Microcontroller 24 has an analog 
input for accepting the signal of low-pass filter 23. In the case of a test, 
microcontroller 24 activates logical module 25, so that switch 22 is actuated in such 
a way that the signals from amplifier 21 are no longer sent to low-pass filter 23. In 
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this case, a test signal, which is stored in module 25, is sent to low-pass filter 23, 
and microcontroller 24 carries out the comparison and the evaluation of the 
response signal to this test signal. The response signal is again compared with a 
target response signal in order to determine the correction. As described above, the 
5 correction then takes place via a software filter or via suitable parametrization of the 
triggering algorithm. 

Figure 3 explains, in a flow diagram, the method according to the present invention 
for testing an impact sensor. In method step 300, an event occurs that initiates the 

1 0 testing of the filter. This testing can be a reset of the impact sensor or a 

predetermined initialization phase. In method step 301, as shown above, the test 
signal is then given to the low-pass filter in order to obtain, in method step 302, the 
response signal, which is digitized using an analog-digital converter and is then 
digitally evaluated. In method step 303, this response signal from method step 302 

15 is compared with a target response signal. If the deviation is zero or is very small, no 
correction takes place, and a jump takes place to method step 304 in order to 
terminate the method. However, if there is a significant deviation, in method step 
305 a correction takes place, either through a software filter or through suitable 
parametrization of the triggering algorithm. 

20 

In a second flow diagram, Figure 4 explains the method according to the present 
invention for testing an impact sensor. In method step 400, the difference of the 
response signal from the target response signal is determined. In method step 401, 
this difference is compared with a threshold value. If the difference is above this 

25 threshold value, then in method step 402 a warning is outputted, either, as shown 
above, by illuminating a warning lamp, or by a signal, a speech signal, or a message 
to a remote maintenance station. If the difference is below the threshold value, then 
in method step 403 the development of the deviations overtime is examined. In 
method step 404, it is then checked whether a trend can be drawn from this, for 

30 example a continuous aging. This can be expressed as a linear increase of the 
errors of the filter. However, the increase can also take place according to other 
functions, such as a power function. If this is the case, then in method step 405 a 
signal is again produced, in order for example to activate the remote maintenance. If 
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no trend is recognized in method step 404, the method is terminated in method step 
406. 

Figure 5 shows, in a third block diagram, the basic configuration of a restraint 
5 system. A control device 53 for the restraint means, such as air bags, safety belts, or 
roll bars, receives via a first data input signals from a remote sensor 50, and 
receives via a second data input signals from a remote sensor 51 , and receives via a 
third data input signals from a remote sensor 55, which are used to control restraint 
means 54. The remote sensors are for example acceleration sensors or pressure 
10 sensors or contact sensors or pre-crash sensors. Combinations of these sensors are 
possible. The method according to the present invention can be used for the impact 
sensors, such as acceleration, pressure, or other contact sensors, because these 
sensors use a low-pass filter for the filtering of their signals. 

15 In a first diagram, Figure 6 shows a test signal, as well as the filtered test signal and 
the target response. As a test signal, here a step function 62 is used. Curve 60 is the 
filtered step function, while curve 61 is the ideal response function. Here, the signal 
of a pressure sensor was used, where there is an instantaneous pressure increase 
from 1000 mbarto 1200 mbar. The deviation between curves 60 and 61 then 

20 determines the correction, for example in the software filter. 

In a second diagram, Figure 7 illustrates an alternative test function, where the first 
data value is 1 and the remaining data values are zero. Curve 70 represents the 
filtered test function, while curve 71 is the target response. Here the deviation can be 
25 determined by comparing the curves according to various criteria, such as for 
example peak height and decay to half the value, or a 10-90 criterion. 

In a final diagram, Figure 8 shows the determination of the deviation of the filter 
cutoff frequency on the basis of the frequency spectrum of a test function. Here, a 
30 normed sample test function is used. The first data value is 1 , and the rest of the 
data values are 0. The function contains all possible discrete frequencies having 
amplitude 1 . Curve 80 shows the frequency spectrum of the filtered test function, 
while curve 81 shows the target frequency spectrum. In this case, the deviation of 
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the filter cutoff frequency can easily be read off at 1/ V2 . In Figure 8: 1/ -Jl = 0.707. 
Given an amplitude of 0.707, the 3dB cutoff frequency of the one low-pass filter in 
Figure 8 is approximately 400 Hz (curve 80), and is approximately 380 Hz for the 
other curve (curve 81 ). 



MARKED-UP VERSION OF SUBSTITUTE SPECIFICATION 



11 



Abstract Of The Disclosure 
An impact sensor, or a method for testing the impact senso r^ i s propos e d . The 
impact sensor has a sensor element and a filter for filtering the signals of the sensor 
element. This filter is preferably a low-pass filter. Using a test signal, the filter is 
tested, and if there is a deviation the filter is corrected using a software filter or 
through a parametrization of the triggering algorithm. 
(F i gure 1 ) 
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